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In  the  following  pages  are  compiled  a  number  of  diagrams  and  tables 
relating  to  riveted  joints,  boilers,  boiler  setting  and  chimneys,  carefully 
selected  from  MACHINERY'S  monthly  Data  Sheets,  issued  as  supplements 
to  the  Engineering  and  Railway  Editions  of  MACHINERY  since  Sep- 
tember, 1898.  In  order  to  enhance  the  value  of  the  tables  and  diagrams, 
brief  explanatory  notes  have  been  provided  wherever  necessary.  In  a 
note  at  the  foot  of  the  tables,  reference  is  made  to  the  page  on  which 
the  explanatory  note  relating  to  the  table  appears. 


BOILERS  AND   CHIMNEYS 


Flue  Spacing-  and  Bracing 
for  Boilers 

On  pages  4  to  7,  inclusive,  are  given 
dimensions  for  flue  spacing  and  bracing 
for  boilers  varying  in  size  from  36  to 
84  inches  head.  The  dimensions  given 
are  taken  from  actual  practice.  In  the 
table  on  page  4,  it  will  be  seen  that 
the  dimension  C  is  lacking  for  a  num- 
ber of  sizes.  This  indicates  that  in 
these  sizes  a  number  of  the  tubes  are 
on  the  center  line. 

Strength  of  Boiler  Joints 

The  calculation  of  the  strength  of  a 
boiler  joint  is  not  a  difficult  operation. 
The  maximum  working  pressure  must, 
of  course,  be  known,  and  the  inner  diam- 
eter of  the  largest  course  of  the  boiler 
is  easily  found,  or  is  determined  by 
the  amount  of  steam  required.  Prom 
these  data,  the  thickness  of  the  boiler 
plate  to  be  used  is  determined.  As- 
sume that  the  given  pressure  is  200 
pounds  per  square  inch,  and  the  diam- 
eter 58  inches,  giving  a  radius  of  29 
inches.  A  tensile  strength  of  55,000 
pounds  per  square  inch  may  be  assumed 
for  good  steel  plate.  Assume  6  as  a  suit- 
able factor  of  safety  for  solid  plate  not 
weakened  by  rivet  holes.  The  thickness 
of  the  plate  is  now  found  oy  the  for- 
mula: 


200  X  29  X  6 


t  = 


•  =  0.633  inch, 


P  X  R  X  F 
ft 


in  which  t  =  thickness  of  plate,  in  inches, 
P  =  maximum    boiler    pressure, 

in  pounds. 
R  =  inside     radius     of     largest 

course  of  shell, 
F  =  factory  of  safety, 
A  =  assumed  tensile  strength 

in     pounds      per     square 

inch. 
Inserting  the  given  values,  we  have: 


55,000 
or  approximately  a  5/8-inch  plate. 

Now  assume  that  we  use  a  riveted 
joint  as  shown  in  the  accompanying  il- 
lustration, the  diameter  d  of  the  driven 
rivets  being  1 1/16  inch  and  the  pitch  p 
of  the  outer  row  of  the  rivets  7  3/4 
inches.  We  can  now  find  the  efficiency 
of  the  seam  for  tearing,  that  is  the  pro- 
portionate strength  of  the  plate  left 


1  RIVETS  Machinery,  N.Y. 


Riveted  Joint  used  as  Example 

after  allowance  is  made  for  rivet  holes. 
This  efficiency  E  *s  found  by  formula: 

p— d     7.75—1.062 

E  = = =  0.863. 

p  7.75 

The  efficiency,  however,  can  be  more 
easily  found  by  using  the  tables  given 
on  pages  8  and  9.  In  the  present  case 
we  find  on  page  9  that  for  driven  rivets 
1 1/16  inch  in  diameter,  spaced  7  3/4 
inches  apart,  the  efficiency  is  0.863. 

We  now  proceed  to  find  the  two  fac- 
tors of  safety,  one  for  tearing  the  plate 
and  the  other  for  shearing  the  rivets. 
The  factor  of  safety  for  tearing,  Ft  = 

EX  (/t  Xt)       0.863  X  34,375 

= =  5.12. 

P  X  R  200  X  29 

The  product  /t     X  t  may  be  found  for 
varying  tensile  strength  and  plate  thick- 
ness, from  the  table  on  page  10. 
(Continued    on    page    26.) 
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I      BOILER    SEAM    EFFICIENCY           1 

P-  d 

P 

Pitch 
of 
Rivets 
P 

Diameter       of      Rivet     Holes  ,    d 

1 

7  " 

16 

2 

16 

1 

if  " 

76 

3  " 
4- 

JT 

7  " 
8 

15" 
16 

/" 

/" 

.625 

.562 

.500 

lr&' 

647 

.588 

529 

/r 

.067 

.611 

.556 

.500 

.<r 

.684 

.632 

.579 

.526 

ik" 

.  .70(7 

.650 

.600 

.550 

.500 

'&* 

.7/4 

.667 

.619 

.585 

.524 

'%" 

.727 

.682 

.636 

.591 

.545 

.500 

lie," 

.735 

.696 

.652 

.609 

.565 

522 

ii" 

750 

.708 

.667 

.625 

.583 

.542 

.500 

'*• 

,350 

.720 

.680 

.640 

600 

,560 

.520 

'f 

.769 

.731 

.692 

,654 

.6/5 

,577 

538 

.500 

/*: 

.778 

.741 

.704- 

.667 

.630 

.593 

.556 

.5/9 

I34" 

786 

.750 

7/4 

.679 

.643 

.607 

.571 

.536 

.500 

/«' 

.793 

•  .759 

.724 

.(590 

.655 

.621 

.586 

.55? 

.517 

i¥ 

800 

.767 

.733 

.700 

,667 

.633 

.600 

.567 

.532 

.500 

/F 

806 

774 

.742 

.710 

.677 

.645 

.6/3 

58  / 

.548 

,516 

2" 

.812 

781 

.750 

.719 

,687 

.656 

.625 

.594 

.562 

.531 

.500 

?£ 

818 

788 

758 

727 

.697 

.667 

.636 

.606 

.576 

.545 

,5/5 

2-5 

.824 

794 

.765 

.735 

7O5 

.676 

•  647 

.618 

.588 

.559 

.529 

2?6" 

.829 

800 

.77  / 

.742 

.7/4 

686 

.657 

,629 

.600 

.571 

.543 

2T 

.833 

'306 

.778 

.750 

.722 

.694 

•667 

.639 

.611 

.583 

.556 

2i" 

.838 

.311 

.784  . 

.757 

.730 

.703 

.676 

.649 

.622 

.595 

.568 

!£ 

.842 

.816 

789 

.763 

.737 

.711 

.684 

.658 

.632 

.605 

.579 

2£ 

.846 

.820 

.795 

,769 

74-4 

.718 

.692 

.667 

.641 

.6/5 

.590 

2f 

.850 

.825 

800 

.775 

•  750 

.725 

700 

.675 

.650 

.625 

.600 

21" 

.854 

.829 

.805 

.781 

.756 

732 

.707 

.683 

.659 

.634 

.6/0 

25  " 
| 

.857 

•  833 

.810 

.786 

.762 

.738 

7/4 

.690 

•667 

.643 

.6/9 

2ii" 

.860 

.837 

,8/4 

-791 

.767 

.744 

.721 

.698 

.674 

«65/ 

.628 

2%" 

.864 

.841 

.818 

.795  ' 

.773 

.750 

.727 

.705 

.682 

.659 

.636 

2ji" 

.867 

.844 

.822 

.800 

'778 

.756 

.733 

.711 

.689 

.667 

.644 

21" 

.870 

,8'48 

•  826 

.804 

,783 

.761 

.739 

717 

.696 

.674 

.652 

2£" 

.872 

.857 

.830 

,808 

.737 

.766 

.745 

723 

.702 

,68/ 

.660 
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STRENGTH   OF   BOILER  JOINTS— II 


n     BOILER    SEAM    EFFICIENCY           E  =   -R^A 

Pitch 
of 
Rivets 
P 

Diameter      of      Rivet     Holes  ,  d 

m 

r 

13" 
16 

i" 

J5  " 

1" 

if 

£ 

Pitch 
of 
Rivets 

ji 

8 

ie 

' 

IJe 

*8 

3" 

771 

.750 

.729 

.708 

.687 

.667 

646 

.623 

5j&" 

.857 

846 

.835 

.824 

.813 

.802 

3^" 

780 

.760 

.740 

.120 

.100 

.680 

.660 

.640 

534" 

.859 

.848 

.837 

.82(d 

.815 

.804 

IF 

.188 

.769 

.750 

.731 

.712 

.692 

.673 

.654 

5W 

.860 

.849 

.839 

.829 

.817 

.806 

IE 

,792 

.774 

.755 

.736 

.717 

.698 

.619 

.660 

5  3" 

.862 

.851 

.840 

\830 

.819 

.309 

3»" 

.796 

.778 

.759 

.741 

.722 

.704 

.685 

.667 

$W 

.863 

.853 

.842 

.832 

.821 

.811 

3^" 

.800 

.782 

'.764 

•745 

.727 

.109 

.691 

.673 

6" 

.865 

.854 

.844 

.833 

.823 

.813 

3^" 

.804 

786 

.768 

.750 

.732 

.7/4 

.696 

.679 

6j£ 

.866 

•856 

.845 

.835 

.825 

.814 

3^" 

.807 

.789 

.772 

.754 

.737 

.119 

.702 

.684 

6-g" 

.867 

.857 

.847 

.837 

.827 

.8/6 

3!" 

.8/O 

.793 

.776 

.759 

.741 

.124 

.707 

.690 

ere" 

.869 

.859 

.848 

.838 

,828 

.818 

37g" 

.8/4 

.797 

.780 

.763 

.746 

.129 

.7/2 

.695 

6%" 

.870 

.860 

.850 

.840 

.830 

.820 

3f 

.8/7 

.800 

.783 

.767 

.150 

.733 

.7/7 

•700 

6% 

.867 

•851 

.842 

.832 

.822 

3%" 

.820 

.803 

187 

.77(9 

.754 

.738 

.72/ 

.105 

it 

.863 

.853 

.843 

.533 

.824 

3f  " 

.823 

.30(0 

.790 

.774 

.758 

.742 

.726 

.710 

.864 

.854 

.845 

.835 

•825 

37!" 

.825 

.810 

.794 

.775 

.762 

.746 

•730 

•  7/4 

6^" 

.865 

.556 

.846 

.837 

•827 

4" 

.828 

.812 

797 

.781 

.766 

.750 

.734 

.119 

6-m' 

.867 

.857 

.848 

•838 

.829 

4/s' 

.831 

.815 

.800 

.785 

.769 

.754 

.738 

.723 

e>§" 

.868 

.858 

.849 

.840 

.830 

4*" 

.833 

•  818 

.803 

.788 

.773 

.755 

.742 

.727 

e-fe" 

.869 

.860 

.850 

.84/ 

,332 

44" 

.836 

.821 

.806 

.191 

.776 

.76  / 

.746 

•  73/ 

6% 

.870 

.867 

.852 

•843 

.833 

4#" 

•838 

.824 

.809 

•794 

.779 

.765 

.750 

•  735 

&W 

.562 

.853 

.844 

.835 

4€" 

.841 

.826 

.8/2 

•797 

.783 

.768 

.754 

.739 

e%" 

.864 

.855 

.845 

.836 

4f 

.843 

.829 

.8/4 

•800 

.786 

.771 

.757 

.743 

6Je" 

.865 

.856 

•  847 

.838 

£» 

.845 

..831 

.8/7 

.803 

789 

.775 

767 

.746 

7 

.867 

.857 

.848 

.833 

4^" 

•  847 

.833 

.8/9 

.806 

.792 

.778 

.764 

.750 

~7~fc 

.867 

•855 

.850 

.84  / 

4*" 

.849 

•  836 

.822 

.808 

.195 

.781 

.767 

.753 

~?~b" 

•865 

.860 

•857 

•842 

4^ 

.857 

.838 

.824 

.811 

.797 

784 

.770 

.757 

775 

.801 

.852 

.843 

£j 

.853 

.840 

.827 

•813 

.800 

•787 

.773 

.760 

7^." 

.862 

.553 

.845 

4%" 

.855 

•842 

.829 

.8/3 

.803 

.789 

.776 

.763- 

7/T 

.863 

•855 

.846 

4/f 

.857 

•  844 

.831 

.8/5 

.805, 

.792 

.775 

.766 

7j" 

.864 

.856 

•847 

4^' 

.859 

•  846 

.833 

.821 

.808 

.795 

.782 

.769 

7% 

.866 

.857 

.549 

4?g 

.86/ 

•  848 

.835 

.823 

.8IO 

•  797 

.785 

.772 

7%" 

.867 

-858 

.850 

5" 

.863 

.850 

.838 

.825 

.813 

.800 

.788 

.775 

Tf 

.869 

.86/ 

.852 

II 

•  852 

.840 

.827 

•815 

.802 

.790 

.778 

734" 

.870 

.863 

•  855 

5g 

.854 

.841 

.829 

.817 

•805 

.793 

•  780 

7^" 

.865 

-557 

IJL 

.855 

.843 

•831 

.819 

.807 

.795 

.783 

8" 

.867 

'859 

5'4" 

.857 

.845 

.833 

.821 

.8/0 

.798 

.786 

ffi 

!869 

.862 

3 

.859 

.847 

•835 

•  824 

.8/2 

•800 

•788 

.877 

.864 

£1 

.860 

.849 

.837 

•826 

.8/4- 

.802 

•  797 

8? 

.875 

.868 

$m 

•85/ 

.839 

.828 

•8/6 

.805 

•  193 

8% 

.879 

.871 

fi 

.852 

.841 

.830 

-8/8 

.807 

.795 

m 

••854 

•843 

.831, 

•820 

.809 

.798 

6?r 

•856 

•844 

•833 

•822 

.8/7 

•  8OO 
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PRODUCT  OF  TENSILE  STRENGTH  AND  PLATE  THICKNESS  (ftxt) 

Plate 
Thick- 
ness 
t 

Tensile      Strength   of   Plate  ;   Lbs.   per   Sq.    In 

45000 

5OOOO 

55000 

6OOOO 

65OOO 

/  " 

4 

11250 

12500 

13750 

15000 

16250 

le 

14162 

15625 

17/87 

18750 

20312 

3" 
8 

IW75 

18  750 

20625 

2250.0 

24375 

7" 

te 

I96Q7 

21875 

24062 

26250 

28438 

i  " 

2 

22500 

25000 

27500 

30000 

32500 

9" 
16 

25312 

28125 

30937 

33750 

36562 

19" 
32 

26719 

29687 

32656 

35625 

38594 

5" 
8 

28125 

31250 

34375 

37500 

40625 

21  " 
32 

29531 

32812 

36094 

39375 

42656 

If" 
16 

30937 

34375 

37812 

41250 

44687 

23" 
32 

32344 

35937 

39531 

43125 

46719 

34" 

33750 

37500 

41250 

45000 

48750 
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Failure      of     Riveted     Joints. 

A  riveted  joint  may  fail  by  shearing  the  rivets,  tearing  the  plate  between  the. 
rivete,  crushing  the  rivets  or plate  >  or  by  a  combination  of  two  or  more  of  the  above  causes. 

To  determine  the  efficiency  of  'a  riveted  joint,  calculate  the  breaking  strength  by  the 
different  ways  in -which  it  may  foe/  •      That  method  of  failure  giving  the  least  result" 
will  show  the  actual  strength  of  the  joint.    If  this  equals  SR,  and  >S=  iensjle  strength 
of  the,  solid  plate,  then  efficiency  =•    &R 


Nomenclature. 


cl     e  diameter  of  rivets. 

t     =?  thickness    of  plate,. 

to  =  thickness  of  cover  p/artes. 

p   =  pitch  of  inner  row   of  rivets 


JP  =  pitch   of  outer  row   of  rivets. 
S  =  Shearing  strength  of  rivets. 
T  =  tensile    strength   of  plate-. 
C  =  crushing    strength   of  n 'Vets. : 


Single-  Riveted    Lap- Joint. 


red,2 


1 I )  Resistance  to  shearing  one  rivet      =• 

(2)  "  "      tearing  plate  between  nvets=(p-dj  5  T 

(3)  t  »      crushing  of  rivet  or  plate.  =  cZ  ZC 


Double-   Riveted      Lap-Joint. 


Staggeg-ed    Riveting  Cham     Rivetincf. 

(\  )       Resistance  to  shearincj'fwo  rivets    —    ~~^~   S 

»  "       tearing    between  two  rivets  —  (p-d,J  tT 


(2) 
(3) 


"       Crushing  in  front  of  two  nvets     —     2ci  i  C 
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Single-Riveted    Lap-Joint    with    Inside  Cover-Plate, 


(  I  )     Resistance'  to  tearing  between 
outer  row  of  rivets  -(-P-  ct')  tT 

(  2  J     Resistance  to  tearing1  between  inner 
row  of  rivets,  otncf  shearing  outer  row 
of  rivets     (P-2d)  tT+  ^~  ^ 

(  3  )  Resistance  to  shearing  three  rivets 


4)     Resistance  to  crushing   in  front 
of  three  rivets     —    3  ici  C 

(5)     Resistance-  to  tearing    at  inner   row  of  rivets,     and  crushing 
in  front  of  one  rivet   in  outer   row  =    (  p-2ct  )  T  '+  tci  C 


Double-Riveted    Lap-Joint  with    Inside  Cover-Plate 


( 1  ^  Resistance  to  tearing  at  outer  row 
of  rivets    =   (  P-6L  )  tT 


C 


(2)  Resistance   to  shearing  four 


( 3 )  Resistance  to  tearing  at  inner  row 
and  shearing  Outer  row  of  n vets  JP-l^dJlT+^j 
(•4)   Resistance  to   crushing   in  front  of 
tour  rivets     -    4-  id  C 


( 5 )    Resistance-    fo    tearing    oft  inner  row     of  rivets,    cxnof  crashing 
in  front  of  one.   rivei-        =*        (  P  —  l^  ct)    t  T  +  tci  C 
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Dou  b  1  e  -  R  i  veted        Butt-Joint. 


(I  )  Resistance  to  tearing  oft  out&r 
row  of  rivets     =    (P-cZ)  i  T 

(2)  Resistance  to  shearing  two  rivets  in 


double  shear  and  one  in  single  shear 


=  ^    — 


(3)  Resistance  to  tearing  at  inner  row 
of  rivets    and  shearing  one  of  the  outer 
row   of  rivets  ^     (  P~2.cl  )  i  T+  ^  S 

(4)  Resistance  to  crushing  in  front  of 
three   rivets    =  3 


(5)       Crushing  in  front    of  two    rivets       and     shearing 


one*    rivet,    = 


C  + 


Triple- Riveted      BuH-Joinf 


C  1  )    Resistance    to    tearing  at  outer 
row   of  rivets     —(  P~cL)  t  F 

(2)  Resistance   to  shearing  four  rivets 

9rtdL* 
in  double  shear  and  one  in  single  shear—  ^   S 

(3)  Resistance  to  tearing  at  middle  row  of 
rivets  and  shearing  one  rivet 


\A-}  Resistance  to  crushing  in  front  of 
four    rivets  and  shearing  one  rivet 


Resistance  to  crushing  in  front    of  five   rivets 
4-  ait    C 
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Forms        o-f          Riveting 

r 


•*      p/%//JA /^2^>  „ 

*•  D  ->K\       y\>  £?  -^\\>\v\^>\ 


1.6  D 

Hand  Snap  Machine      Countersunk 

Riveting        Riveting.        Riveting.        Riveting. 


Tensile    Strength    of  Plate    per     I   inch    of    Width. 


Thickness. 


Te,nsile>      strength      per     5c?ucrre    inch 


50000 


^5000 


eoooo 


G5OOO 


700OO 


3125 


3437 


3750 


406? 


4375 


&25O 


6875 


7500 


8/25 


8750 


3//6 


9375 


10312. 


I I25O 


72/87 


131 25 


12500 


13750 


15000 


16250 


17500 


5, 


ie 


15625 


17/67 


18750 


20312 


2/675 


18750 


20625 


2250O 


24375 


26250 


21875 


2406Z 


26250 


2843: 


30635 


25OOO 


27500 


3OOOO 


32500 


35000 


28125 


30937 


33750 


36562 


35375 


3I25O 


34-375 


37500 


4-0625 


4375  O 


34375 


378/2 


4125O 


4-4687 


4-8125 


3/4 


37500 


4I25O 


450  OO 


4-3750 


52500 


4-0625 


4-4-687 


48150 


52312 


56875 


4-3750 


48/25 


52500 


56875 


61250 


46575 


5/562 


'6250 


60937 


65625 


50000 


55000 


60OOO 


65000 


70OOO 


Shearing    Strength   of    Rivets.         (  Single    Shear 


Dicxm.  of 
Rivet 


Area    of 
Cross-Section 


Shearing  Strength    per     Square-     inch. 


30000 


35OOO 


4-0  OOO 


4-5  OOO 


50000 


1104- 


3312 


3864 


4-4  16 


4968 


5520 


1963 


5889 


6870 


7852 


8833 


9815 


3E 


3068 


9204 


I  0738 


12272. 


I38O6 


/ 5  34-0 


4418 


13254 


154-63 


17672 


19881 


22090 


6013 


18039 


2.1  045 


24-052 


27058 


3O  06  5 


7854 


23562 


27485 


3/4/6 


35343 


392  7O 


Crushing     Strength       of        Rivets. 

The    crushing     str&ngfh    of  rivets     otnd  p/offes ,  in  joints   fh&t  fail  by  crushing, 
IS  found  by  experiment  fo  be  high  and  irregular  .    Jn  some,  cofses  it  h&s    amounted 
to   160,  000  Ibs    pe,r  square   inch  y    in  a  few   tests   it  has    be&n     less   thorn  85,OOO 
Ibs.    per   square   inch         A   value    of     93,  COO    Jbs    may   be  used    w/th  safety  for 
calculations 
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STANDARD 

BOILER    RIVETS. 

^" 

^X^J 

^X 

r     i 

13    -I 

H-  T        4 

'    It 

3      i          ] 

s  t 

PAN  HEAD  OR  POINT 

^v^ 

^ 

CONED  UN.CEH  HEAD.                       BUTTON  HEAD  OR  POINT 
Industrial  Pr<aat  X3T. 

A 

B 

c 

D 

Weight  of  1 
of  Shank. 

Weight  of  Ten  Heads. 

Pan. 

Button. 

I" 

I'" 

1" 

&" 

,056  Ibs. 

,41  Ibs. 

,40  Ibs. 

iV" 

11" 

if" 

t" 

,070  " 

,53  « 

,50  « 

1" 

1iV 

y 

\\" 

,087  " 

,71   « 

,68  « 

tt" 

H 

ii" 

I" 

,105   « 

,87  « 

,82  « 

r 

n 

i" 

ir 

,126  « 

1,14  «' 

1,06  « 

H" 

uv 

H" 

I/: 

,147  " 

1,36  " 

1,20  " 

i" 

KV 

i98" 

ii" 

,170  " 

1,71   « 

1,56  « 

ii" 

H  ' 

r 

i  ' 

,195  - 

2,11   « 

1-94  « 

r 

11' 

H' 

1iV 

,222   " 

2,71   « 

2,51   •< 

1iV 

HI 

!  ' 

11-" 

,251   « 

3,23  « 

3,02  « 

11 

H!' 

26'-' 

UV' 

,282  « 

3,84  « 

3,57  « 

w 

11  ' 

|l" 

lA 

,314  " 

4,32  •« 

3,99  « 

H' 

2" 

I' 

Ill- 

,348  « 

5,26  " 

4,90  « 

IrV 

2TV 

!!" 

IB' 

,383  « 

5,86  « 

5,43  « 

If" 

2TV 

ir 

HI" 

,421   « 

6,75  « 

6,24  « 

1&" 

2i" 

ii" 

HI" 

,460  « 

7,45  « 

6,83  « 

H' 

IV 

r 

HI" 

,501   « 

8,48  « 

7,78  « 

1rV 

2A' 

1iV 

Hi" 

,543  « 

9,57   « 

8,75  « 

Ii  ' 

2,V 

11!" 

,588  « 

10,90   « 

10,00  « 
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8 


S 


CVJ 


S 


S 


CO 


<0 


8, 


0) 


0) 


c> 


MENSIONS  FOR  HUNC  BOILERS 


TABLE  OF 


10 


10 


10 


10 


10 


»0 


*% 


S! 


a 


CVi 


(M 


CM 


f 

CM 


^% 


-s^^-^- 


00 


8 


a 


Uj 


CQ 


SP 


06 


VSJ 


M) 


CM 


CO 
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•0 


SO 


00 


VO 
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00 


(Q 


CO 


5. 


CO 


00 


CM 
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CO 


00 
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00 
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VD 


go 


00 


oo 


00 


00 


00 


a 


99 


00 


s 


a 


CM 


S 


R 
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35 


S 


Continued 


CO 

tt 
u 
J 

o 

CD 
O 

z 

D 
X 

tt 
O 
li. 

CO 

Z 
O 

CO 

u 

S 


TABLE  OF 


10 


<0 


^ 


CO 


9 


S 


2 


2 


s 


a 


s 


1 


& 


co 


co 


1 


5 


5 


10 


5 


fc 


SJ 


S! 


Ul 


¥ 


00 


00 


CO 


1 


CO 


a 


fO 


S 


* 


8 


00 


8 


S 


N 


•X 

85 


-leg  ' 
lO 


0) 


to 


fO 


to 


to 


to 


to 


n 


to 


to 


K) 


0) 


CM 


CJ 


CM 


SI 


s» 


0) 


29 


00 


0> 


-IN  -KM 

CM 


fc 


CO 


C5) 


S2 


00 


0) 


0) 


CO 


Si 


CO 


CN 


ta 


o 


00 


a 


ct 


«o 


s 


5 


CO 


N 
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•u 
o 

c 

"£ 

o 
o 


CO 

K 
u 

-i 

O 

CD 


a 

O 

li. 

co 

z 
o 

35 
z 
u 

I 

5 

ii. 

o 

u 

_i 

CO 

< 
I- 


£^ 


fin 


S3 


1 


8 


§ 


pis 

*c 
i& 


oo 


oo 


•tlN 


is; 


2? 


00 


CM 


CO 


cr> 


so 


•0 


IS1 3- 


0") 


I 


Q 


CM 


3 


1 


vo 


CD 


00 


s 


JP 


§ 


-SP 


55 


* 
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TABLE  OF  DIMENSIONS  FOR  HUNG  BOILERS.     (Continued.) 


I 
|< B  B 


JL 


Half  Sectional  Plan. 


MM 


.._J_.  _1    I  H 

~F-  L  - 


LongHudinal  Seciion. 
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COLUMNS 


BOLTS 


BO/L  £  ft 


e 
/ 


r>  & 

t>^   Q 

III 

*H 

°>  o 


W 

in' 


Center 
of  Co 


center 
ns 


one  Boi/er 
two  Bo/'/er 


inc 


CO 


CO 


Co 


NK 


O) 


1 


CO 


CO 


Oi 


00 


NK 


Oi 


0) 


CO 


WK 


NK 


Oi 


Qo 


§ 


Oi 


00 


GO 


CO 


MX 


IN) 


03 


Oi 


0» 


CO 


Oi 


O- 


CbjO, 


Oi 


; 


Oi 


CO 


0) 


Oi 


Co 


i 


Oi 


8 


Oi 


\)K 


Oi 
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BRICK                                         I  -  BEAMS     AND     CHANNELS 

Number  of  Common 
Bricks  required 
to  -set 

Number  of  Fire 
3  ricks  required 
to  se-r 

Weightf-  per  foot 
of  Ch&nnef  Beo/ms 

required  for  (pounds) 

Weight  per  foot 
of  I  -  Beams 
required  for  (pounds) 

,-•  _r  -.,  .  one  Boiler 

Size  of  Channel 
Beams  required  f"°  Boilers 
for  finches)  three  Boilers 

1  ^ 

fH       N' 
~N    ^       <b 

Hi 
*l 

Co 

3' 
o 
3* 

(D 
Cn 
^. 

T 

! 

3, 

Length  of  I  Beams  I  one  Boiler 
or  Channel  Beams 
reauired  for  (+™o  Bo/lers 

Center  to  center  of  Boilers  (inches) 

|  Horse-Power  of  Boiler  \ 

£      J      9 
|      I      3 

>     j"    J 

1  "  -  I     .J 

^       ^       ^ 

'  one  Boi/er 
two  Boi/er^ 
three  Boi/ens 

one  Boi/er 
two  Boilers 
three  Bo/Vexs 

'one  Boiler 
\tt>vo  Boiler<s 
three  Boi/exs 

three  Boilers 

»•+. 

i 

§> 
1 

\ 

c? 

1 

i 

i 

^ 

1 

i 

§ 

8 

a 

a 

« 

5 

^ 

»\) 

$ 

C* 

S 

Co 

^ 

§ 

$ 

5i. 

* 

3i 

1 

§• 

i 

!\> 

«w^ 

§ 

g 

a 

to 

« 

2 

& 

f\3 

5 

<^ 

§ 

CD 

-U 

§ 

§ 

XI 
XI 

S 

8 

1 

i 

1 

I 

a 
8 

§ 

K 

5 

CQ 
9$ 

s 

£ 

^ 
^ 

(5 

& 

N 

S 

05 

Oi 

§ 

g 

^ 

S 

Si 

i 

^ 

i 

1 

1 

1 

tM 

Oi 

8 

CO 

4^ 

8 

* 

CO 

•&£» 

ft 

S 

N 

0 

Co 

Ot 

f\> 
Q 

^ 
cs\ 

Oo 

C5^ 
•tx 

5S 

1 

g 

N| 

! 

1 

Qo 

51 

Si' 

8 

* 

8 

ft 

f\) 
«h 

«\) 

$ 

\l 

S 

Oo 

CJJ 

f\> 
Oo 

§ 

Oo 
(4 

$ 

S 

i 

1 

1 

j\j 

0 

1 

CO 
CO 

& 

i. 

Cu 
IttK 

!N3 

S. 

fc 

ft 

Qo 

f\5 

CO 

C5^ 

8 

8 

S 

S! 

$ 

i 

§ 

.3 

i 

1 

1 

1 

-CjO 
CO 

& 

x 

«- 

CO 
>«K 

^ 

t 

fc 

K3 

CO 

?V) 

Co 

0> 

1 

Nj 

S 

^ 

ft 

1 

8 

1- 

Co 

§ 

I 

X^ 

^Co 
Co 

&' 

«. 

% 

^ 

& 

C* 

iS 

Qo 

t\) 

CO 

C3^ 

1 

3 

§ 

X 

•8 

I 

1 

i 

i 

1 

i 

8 

* 

i. 

% 

^J 

1 

Si 

fc- 

CO 

?v>. 

CO 

o 

1 

§ 

§ 

S 

.8 

Se 

1 

i 

i 

^) 

8 

i 

8r 

8! 

i- 

ft 

c^ 

^ 

£*> 

fc 

^ 
r» 

CO 

c* 

0 

C5i 

i 

§ 

t 

§ 

§ 

| 

i 

i 

•tv 

•N) 

i 

J 

5! 

* 

fe 

« 

$ 

05 

S 

CO. 

oi 

0 

vj 

1 

g 

§ 

§ 

a 

i 

Si 
§ 

1 

1 

1 

I 

8 

81 

i 

-*i, 
f^ 

5? 

•$ 

01 

^ 

!V> 

CO 

^ 

s 

SI 

i 

; 

§ 

S 

•a 
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C  Q  L  U  M  N  S 


HANGZft.   BOL  TS 


B  O  LL  £  /? 


Siz 
B 


of 
e  of 
C/.nch 


ap  and  (  one  Boi/er 
i  Columns  two  Boi/ers 
es)  (  three  &o//ers 


ick 
f  C. 


C./.  Co/um 
(inches) 


Bo/'/er 
Boi/ers 
Boi/er 


er 
C 
nc 


Co/um 
hes  ) 


one  Boi/er 
two  Boi/ers 
three  Boi/ers 


f! 

a 


es 


r^ 


ter 


f 


inc 


. 
fer. 


-Power  of  Boi/er 


t 


CO 


ft 


fc 


Co 


CO 


t\) 


t\i 


8 


Co 


I 


8. 


CO 


00 


S 


t 


CO 


00 


1 


I, 


CO 


CO 


CD 


§ 


8 


CO 


•S 
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BRICK 


I  ~  B  EA  'MS     AMD     CHANNELS 


...  .  /.  ^ 

Number  of  Co 
Bricks  requ 
to  set 


I ;  ? 

I  |t 

»a  O  > 

IM 

hi 

JLUL, 

r  1. 1 

1 1  ^ 

!  s  ^ 


t~  .  _f  -, 

Size  of  Channe 
Beams  required 
for  (inches)' 


ne 
m? 


Bo 
?  Bo 
ee 


Bo 


/er 
/ers 


S'rze  of  2-  Beams 
required  fnr 
(inches) 


two 
three 


Boil 
Boi 
e  Bo 


/ 


lers 
ers 


s 


CO 


; 


65 


CO 


Co 


.• 


8! 


Co 


So 


ft 


8 


o; 


CO 


8} 


CO 


8! 


•VJ 


CD 


Co 


l 


8! 
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The  factor  of  safety  for  shearing  the 
rivets,  Fs  = 

n  X  A  X  /,  303,231 


PXRXP         200  X  29  X  7.75 
in  which 

n  =  total  number  of  rivets  in  shear, 

A  —  area  of  rivet  holes, 

/,  ==  assumed     shearing     strength     in 
pounds  per  square  inch. 

The  total  number  of  rivets  in  shear 
are  nine,  and  from  the  table  on  page 
11  we  find  that  the  shearing  resistance 
for  nine  1  1/16-inch  driven  rivets  is 
303,231  pounds. 

As  5  is  an  ample  factor  of  safety, 
this  boiler  joint  would  be  deemed  safe. 

The  procedure  as  outlined  is  a  very 
satisfactory  one  for  determining  the  di- 
mensions of  a  proposed  joint,  but  the 
joint  thus  determined  should  be  tested 
for  strength  for  shearing  at  the  outer 
row  of  rivets,  and  tearing  at  the  middle 
row,  for  example,  as  at  these  places  a 
lower  factor  of  safety  may  result  than 
for  tearing  at  the  outer  row.  [MA- 
CHINERY, February,  1907,  Strength  of 
Boiler  Joints.] 

On  pages  12,  13  and  14  are  given  for- 
mulas for  the  design  of  riveted  joints 
of  different  types.  On  page  15  a  table 
is  given  of  tensile  strength  of  boiler 
plate  of  one  inch  width  for  varying 
tensile  strength  and  thickness.  A  table 
of  the  strength  of  rivets  in  single  shear 
is  also  given.  On  page  16  are  given  di- 
mensions of  three  different  types  of 
standard  boiler  rivets. 

On  page  17  is  given  a  diagram  by 
means  of  which  the  length  of  rivet  (un- 
der head)  required  for  connecting  plates 
of  varying  thicknesses  may  be  deter- 
mined. Directions  for  its  use  are  given 
above  the  diagram.  [MACHINERY,  April, 

1906,  Design  of  a  Riveted  Joint;   June, 

1907,  Strength    of   Boiler    Joints;    MA- 
CHINERY'S Reference  Series  No.  22;  Cal- 
culations  of   Elements   of   Machine   De- 
sign, Chapter  IV.] 

Dimensions  for  Boiler  Setting 
Pages   18   to   25   give   dimensions   for 
boiler  setting.     On  pages  18  to  21  are 


given  dimensions  for  one  boiler,  and 
on  pages  22  to  25  the  data  necessary  for 
several  boilers,  so  that  the  two  sets  of 
tables  combined  give  all  the  necessary 
data  for  any  number  of  boilers. 

In  ordinary  practice  not  more  than 
three  boilers  are  ever  suspended  from 
a  single  span  of  beams.  In  cases  of 
four  boilers,  extra  columns  are  usually 
placed  between  the  two  middle  boilers, 
making  thus  two  separate  spans  of  two 
boilers  each.  In  cases  of  five  boilers, 
columns  are  generally  placed  between 
the  second  and  third  boilers,  making 
two  spans  of  two  and  three  boilers, 
respectively,  or  additional  columns  are 
placed  between  the  fourth  and  fifth 
boilers,  making  three  spans  of  two,  two, 
and  one  boiler,  respectively.  In  some 
instances  columns  are  placed  between 
all  the  boilers,  thus  putting  only  one 
boiler  to  a  span  of  beams. 

Attention  should  be  called  to  the  val- 
ues under  the  headings  "Total  Weight 
of  Boilers  and  Fixtures"  and  "Total 
Weight  of  Water."  These  values,  al- 
though based  on  experience,  are,  of 
course,  only  arbitrary,  and  must  neces- 
sarily vary  with  the  conditions.  For 
instance,  a  150  horsepower  low-pressure 
boiler  would  weigh  less  than  a  similar 
one  for  high  pressure.  The  weight  of 
the  water  in  the  boilers  would  depend 
partly  upon  the  number  and  size  of 
tubes  and  braces  occupying  the  water 
space.  In  giving  sizes  for  beams,  col- 
umns and  hanger  bolts,  the  weights  of 
the  boilers  have  been  so  assumed  that 
the  dimensions  would  cover  all  condi- 
tions. 

Dimensions  of  Chimneys 

On  page  27  is  given  a  table  of  heights 
and  diameters  of  chimneys  for  different 
kinds  of  boilers.  This  table  is  based 
upon  the  grate  area  of  the  boiler,  as- 
suming the  burning  of  from  20  to  25 
pounds  of  coal  per  square  foot  of  grate 
per  hour.  The  size  of  the  grate  in  many 
instances  will  vary  very  little  with  the 
length  of  the  boiler.  In  many  works  the 
same  grate  is  put  into  a  Lancashire  boil- 
( Continued  on  page  32.  > 
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CHIMNEY    DIMENSIONS    FOR    CORNISH,    LANCASHIRE    AND   TUBULAR    BOILERS 
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Lancashire 

Tubular  Boilers 

Diameter  of 
Boiler 

46 

SO 

36 

eo 

66 

60 

66 

70 

76 

80 

86 

90. 

SO 

S6 

60 

66 

70 

76 

SO 

86 

90 

96 

10 

Grafe  Area 
Per  Boiler, 
Square  Feet 

10 

14 

IS 

16 

21 

22 

26 

30 

36 

39 

44 

47 

IO 

14 

16.6 

21 

30 

34 

38 

39 

43 

46 

49 

Chimney 

i 

Vut 

r>t 

er 

Ol 

<  B 

O/, 

'er 

5?  ; 

0  ( 

7/7< 

?    ( 

".hi 

mr 

'^ 

f 

Height, 
feef 

Diam.  ' 
Feef  Inches 

40 

Z1  0" 

I 

1 

1 

/ 

I 

/ 

4S 

\  Z1  3" 

Z 

2 

SO 

Z1  6" 

Z 

i 

1 

2 

1 

SS 

2'  9" 

3 

Z 

/ 

3 

2 

eo 

3'  0* 

S 

3 

1 

/ 

1 

S 

3 

/ 

/ 

es 

3'  3" 

3 

2 

Z 

1 

1 

3 

Z 

/ 

/ 

1 

70 

3'    6' 

4 

2 

1 

4 

I 

73 

3'  9" 

4 

4 

/ 

.     do 

4'  0* 

S 

3 

Z 

3 

2 

S 

3 

2 

8S 

4'  3' 

S 

3 

2 

S 

2 

30 

4'  6" 

4 

3 

4 

3 

2 

0 

4 

3 

2 

2 

9S 

4^9" 

S 

£ 

4 

2 

S 

2 

2 

too 

5'  0"  • 

4 

e 

4 

3 

3 

2 

e 

4 

3 

3 

3 

2 

/  OS  - 

*>'3ff 

7 

S 

7 

1  1  0 

s'e' 

S 

8 

6 

S 

4 

3 

8 

S 

4 

3 

1  IS 

S1  9" 

9 

7 

4. 

3 

4 

4 

3 

1  20 

e'  o" 

10 

8 

e 

S 

4 

6 

S 

4 

3 

1  2S 

6'  3" 

9 

7 

S 

4 

7 

S 

S 

4 

f  3  O 

e'  e* 

10 

8 

e 

S 

8 

$ 

S 

4 

/  3S 

e'  9"- 

9 

7 

6 

S 

7 

e 

e 

S 

140 

f'  0" 

10 

7 

e 

8 

7 

7 

e 

S 

I4S 

7'  3" 

8 

\ 

e 

/SO 

7'  6' 

12 

9 

8 

7 

8 

8 

7 

e 

/  SS 

7'  9' 

10 

9 

8 

7 

9 

9 

8 

7 

1  60 

8'  0" 

10 

8 

fO 

10 

9 

8 

7 

I  OS 

8'  3" 

12 

9 

8 

1  70 

8'  e" 

12 

IO 

9 

10 

9 

I7S 

8'  9" 

IO 

10 

9 

180 

9'  0"- 

12 

/O 

1  SS 

9'  3" 

/f 

12 

190 

9'  6" 

14 

1  36 

9'  9" 

IS 

2CO 

10'  0" 

IS 

• 

Contributed  by  A.  Wind,  MACHINERY'S  Data  Sheet  No.  126.     Explanatory  note  :  Page  26. 
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er  25  feet  long  as  in  one  30  feet  long. 
This  applies  also  to  Cornish  and  multi- 
tubular  boilers.  When  two  or  moTe 
boilers  are  worked  together  it  is  not 
necessary  to  calculate  the  size  of  the 
chimney  for  the  total  combined  grate 
area  of  all  the  boilers,  as  it  is  very 
seldom  that  all  the  boilers  are  fired  in 
all  furnaces  at  exactly  the  same  time. 
Therefore,  a  greater  number  of  boilers 
permits  of  a  comparatively  smaller  size 
of  chimney.  The  table  gives  the  diam- 
eters of  boilers,  grate  areas  and  the 
diameters  and  heights  of  chimneys  for 
any  number  of  boilers  from  one  to  five, 
in  the  case  of  the  Cornish  type,  one  to 
fifteen  in  the  case  of  the  Lancashire 
type,  and  one  to  ten  in  the  case  of  the 
multi-tubular  boilers.  In  each  case  the 
height  of  the  chimney  is  taken  to  be 
20  times  its  diameter. 

Where  forced  draft  or  induced  draft 
plants  are  installed,  the  size  of  chimneys 
can,  of  course,  be  considerably  reduced. 
Each  given  size  of  chimney  would  prove 
sufficient  for  33  per  cent  greater  capacity 
than  shown  in  the  table,  when  such 
draft  is  employed.  To  determine  the 
size  of  the  chimney  for  six  boilers  with 
induced  draft,  for  example,  select  the 
chimney  corresponding  to  four  boilers. 

The  sizes  of  chimneys  in  this  table 
correspond  to  the  ordinary  practice  in 
England.  [MACHINERY,  January,  1910, 
Boilers  and  Chimneys.] 

Diagrams  for  Stack  Design 

The  diagram  on  page  28  gives  a 
double  set  of  curves  which  are  plotted 
for  the  relation  between  temperatures  of 
flue  gas  and  outside  air,  height  of  stack, 
and  the  draft  pressure  in  inches  of 
water.  From  this  diagram  we  can  de- 
termine the  relation  of  the  height  to  the 
draft  pressure  desired,  with  the  differ- 
ent temperature  changes.  We  can  also 
determine  the  draft,  if  we  know  the 
height  of  the  stack  and  the  tempera- 
tures of  the  inside  and  outside  air. 

The  diagrams  on  pages  29  and  30 
show  the  relation  between  the  height 
of  stack,  the  amount  of  boiler  horse- 


power, and  the  cross-sectional  area. 

The  diagram  on  page  31  makes  it  pos- 
sible to  determine  at  a  glance  the  side 
of  a  square  stack  having  the  necessary 
cross-sectional  area,  or  the  correspond- 
ing diameter  of  a  round  stack. 

For  example,  we  will  design  a  stack 
for  2000  boiler  horsepower;  the  stack 
temperature  is  550  degrees  F.,  and  out- 
side temperature  80  degrees  F.,  the 
maximum  summer  temperature.  The 
pressure  on  the  stack  is  to  be  one  inch 
pressure  of  water. 

It  may  be  well  at  this  point  to  ex- 
plain the  exact  meaning  of  the  ex- 
pression "boiler  horsepower."  The  cen- 
tennial standard  horsepower  adopted  by 
the  American  Society  of  Mechanical  En- 
gineers in  1884  is  defined  as  an  evapora- 
tion of  30  pounds  of  water  into  dry 
steam  under  a  pressure  of  70  pounds  per 
square  inch  above  atmosphere  from  feed 
water  at  a  temperature  of  100  degrees 
F.;  or  the  evaporation  of  34-1/2  pounds 
of  water  from  feed  water  at  a  tempera- 
ture of  212  degrees  F.  into  steam  of  the 
same  temperature. 

On  page  28,  starting  at  550  degrees  F. 
at  the  right  of  the  sheet,  run  over  to 
the  curve  representing  80  degrees  F., 
temperature  of  outside  air.  From  this 
point  drop  down  to  the  horizontal  line 
representing  one  inch  pressure  for  the 
desired  stack,  in  inches  or  water.  The 
point  found  here  gives  us  160  feet  for 
the  stack  height.  Refer  to  page  30 
to  find  the  cross-sectional  area.  Where 
the  vertical  line  at  2000  boiler  horse- 
power crosses  the  line  of  the  160-foot 
stack,  we  get  a  point  which,  projected 
to  the  left  of  the  sheet,  gives  a  cross- 
sectional  area  of  about  47  square  feet. 
From  page  31  we  find  the  value  of  47 
sqi  are  feet  cross-sectional  area  on  the 
curve,  and  running  to  the  left  we  get 
the  diameter  of  the  stack  corresponding 
to  that  area,  which  is  96  inches,  or  8 
feet.  The  side  of  the  square  stack  with 
corresponding  area,  as  shown  to  the 
right  of  the  diagram,  would  be  slightly 
less  than  7  feet.  [MACHINERY,  August, 
1909,  Simple  Method  of  Stack  Design.] 
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